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Abstract: The antimicrobial susceptibilities' of common food spoilage microorganisms to twelve edible plant essential oils were

investigated by measuring zones of inhibition, and esta a minimum inhibitory concentration (MIC) and minimum bactericidal

concentration (MBC) for each oil. The results showed spoilage microorganisms exhibited different susceptibilities to the twelve
essential oils, and Bacillus subtilis was the most 'susceptible. Ore’éano oil and thyme oil had the highest overall antimicrobial activity and
exhibited a broad spectrum of antibacterial activity at a concentration of 250 puL/L. However, cinnamon oil showed better antifungal activity. The

checkerboard method was then used to investigate the synergistic effect between essential oils. The combination of oregano oil and thyme oil

showed an additive effect agai

investigate the contents of the
and cinnamon oil. The results fro

highly efficient anwfe preservative.

t -all selected microorganisms. In addition, gas chromatography-mass spectrometry (GC/MS) was used to
timicrobial components, including carvacrol, thymol, and trans-cinnamaldehyde, in oregano oil, thyme oil,

dy provide a theoretical basis for the application of edible plant essential oils in the food industry as a

wor: ssential oils; food spoilage microorganisms; antimicrobial activity; preservation
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Table 1 Antimicrobial susceptibility of the tested microorganisms to twelve essential oils
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tions and minimum bactericidal concentrations of twelve essential oils against the tested

éﬁ,

microorganisms (uL/L)

AT R FIATH R HRA BB B R

MIC MBC MIC MBC MIC MBC MIC MBC

a‘—iz ;250 250 125 125 250 250 250 250

ERA 250 500 125 125 250 250 250 250
P A 250 500 250 500 250 700 62.5 125

LT 1000 1500 125 500 250 1000 500 500
TAh 700 1000 500 500 500 1000 500 700

A 500 >2000 500 1000 >2000 >2000 250 1500

FAtib >2000 >2000 2000 >2000 700 2000 1000 1000

REFd >2000 >2000 500 700 1000 >2000 1000 1500

TR
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indices (FICI) of the mixed essential oils against the tested microorganisms

4 E HFRE FZ-PAE MH-T EA
+z BEE +Z MAE WA BEE
250 250 250 250 250 250
e " 12 2. 12 12 2 15.
FPe MIC 5 62.5 5 5 50 5.63
FIC 0.5 0.25 0.5 0.5 1 0.06
FICI 0.75(A) 1(A) 1.06(1)
MIC s 125 125 125 250 250 125
n . MIC s 31.25 31.25 31.25 125 125 62.5
HEF AR
FIC 0.25 0.25 0.25 0.5 0.5 0.5
FICI 0.5(A) 0.75(A) 1(A)
MIC s 250 250 250 250 250 250
e MIC s 125 31.25 15.63 250 250 15.63
oy IR &
FIC 0.5 0.125 0.06 1 1 0.06
BTR
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BELER
FICI 0.625(A) 1.06(D) 1.06(D)
MIC sx 250 250 250 62.5 62.5 250
R MIC 5 125 62.5 15.63 62.5 62.5 15.63
BRI B A
FIC 0.5 0.25 0.06 1 1 0.06
FICI 0.75(A) 1.06(D) 1.06(D)
MIC 4 250 250 250 125 125 250
MIC s 125 62.5 15.63 125 125 15.63
EwhE
FIC 0.5 0.25 0.06 1 1 10.06
FICI 0.75(A) 1.06(I) 1.06(I)
MIC 4 250 250 250 125 125 250
MIC s 125 125 15.63 125 125 .
T
FIC 0.5 0.5 0.06 1 1 0.06
FICI 1(A) 1.06(T)
MIC 250 250 25 | 125 125 50
BEE MIC s 62.5 125 125 355 125 15.63
FIC 0.25 0.5 0.5 0.25 1 0.06
FICI 0.75(A) 0.75(A) 1.06(1)

AR A& AEFAE F (antagonism, FIC>4).

iE: S AREWFIAEA (synergy, FICI<0.5); A 4&%&*&%4’?@%011, 0.5<FICI<I); I KAL &AM A (indifference, 1<FIC<4); AN
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Fig.1 Total ion chromatogram of the chemical components of

oregano oil

x4 G EHBUFERD O

Table 4 Analysis of the chemical components of oregano oil

%5 ARG /min 1ebdh TR STFEM AAFEE%  AAE%
1 3.383 07K 7 Hi(a-Phellandrene) CioHig 136 0.24 89
2 3.443 o~ (a-Pinene) CioHig 136 1.80 93
HTR
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H#EW
3 3.589 3 H5(Camphene) CioHis 136 0.45 91
4 3.814 B-EH(B-Pinene) CioHis 136 0.38 94
5 3.872 F #£ 55 (Myrcene) CioHig 136 1.30 92
6 4.104 a-A2 ¥ (a-Terpinene) CioHig 136 0.69 92
7 4212 P41 1% (p-Cymene) CioHu 134 9.35 95
8 4.292 A=t i B (Cineole) CioH150 154 0.16 81
9 4.447 y-#238 4 (p-Terpinene) CioHys 136 3.88 95
10 4.835 %84 (Linalool) CioH150 154 4.70 W 92
11 5.514 ¥ B2 LS (Ethyl caprylate) Ci0H200, 172 0.15 82
12 5.964 64T 18] P (6-tert-butyl-m-cresol)  CyHie0 164 0.14 78
13 6.425 % 2 A8 (Thymol) CioHO 150 86
14 6.729 7t By (Carvacrol) CoH40 1 4
15 6.973 KB LEE(Ethyl caprate) CoH,,0, 200 93
16 7275 4% % 45 (S-Bisabolene) CisHhy 17 204" 83
17 7.762 (E)-p-i=RM (E)-p-Farnesene CysHay 204 <% 0.19 83
18 8.181 #8% LB (Ethy] caprate) C1oHa05 200 271 91
19 8424 S\ B (Ledol) CisHagO 22 205 82
it _ 96.80
242 B ZA5HNE) GCMS 5H7 5000000 f- n e

T HL AR A R R A B SRR 39 A
(] 2), %558 H 26 FHER AR 5), HEES
TZAS AT S B 96.13% . HerbAF XS B e ) iy 3000000
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4 Fig.2 Total ion chromatogram of the chemical components of
thyme oil
x5 BEFHBUERS O
able 5 Analysis of the chemical components of thyme oil
ey TR HFEM S E% A%
a-J8H (a-Pinene) CioHis 136 0.10 94
2 5.090 3 M (Camphene) CioHis 136 0.55 97
3 6.161 F #£ 55 (Myrcene) CioHig 136 0.24 94
4 6.645 - M (B-Pinene) CioHys 136 0.04 91
5 6.775 a-A2 8 ¥ (a-Terpinene) CioHye 136 0.16 93
6 7.149 p-AFE )2 (p-Cymene) CioHy4 134 14.55 95
7 8.114 y-A27d M (y-Terpinene) CioHis 136 12.78 96
8 8.837 % & 38 M (Terpinolene) CioHig 136 0.15 94
9 9.066 4- # M AL F R (4-Isopropenyltoluene) CioHpp 132 0.05 91
10 9.298 B BR LB (ethyl heptanoate) CoH 50, 158 0.06 92

TR
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#EER
11 12.123 T84 LB (ethyl hexanoate) CsH,40, 144 0.30 84
12 12351 4-His 7 K F Bk (4-Allylanisole) C1oH,,0 148 0.61 89
13 13.428 # B4 2B (ethyl octanoate) CioH0, 172 1.33 92
14 13.889 a-#B%(a-Terpineol) C1oH;s0 154 0.58 84
15 16.291 B 2 A8 (Thymol) C1oH,,0 150 5457 95
16 17.211 T ¥ %8 (Eugenol) CioH 1,0, 164 0.94 90
17 17.534 KB TES (ethyl caprate) CoH,,0, 200 428 96
18 17.725 - K. I Hii R (B-Damascenone) Ci3H50 190 0.03 83
19 18.762 B-% F 2 FA(B-Tonone) C3Hy0 192 021 79
20 22.162 F A£BR LB (ethyl laurate) C14H50, 228 1.99 92
21 22.643 AL 45 (-)-caryophyllene oxide CysH0 220 0. 82
2 22.995 AR =V B2 = LB¥(Diethyl phthalate) CpoH04 222 0.06 88
23 27.580 6,10-=F Jk-2-+—J%H(6,10-diethyl-2-undecanone) ~ Cy3HaeO 198 8 92
24 32.880 a- 548 7555 (a-Cadinol) Cisl0 ™ 85
25 33.175 R-Krt AN 7 B (trans-longipinocarveol) C{sHyO [ 22 0.45 63
26 37.271 2- 5 7 2 -5- 9 J @ ABk(2-isoproryl-5-methyl anisole)  C;H;40 164 0.23 72
2t 96.13

243 HWAEHBE GC/MS AEERE(60.42%) 4K R — 2. 6(19.39%) T 7y

5,538,009 g 0 (15.04%) " FMATITI(1.16%), HiZAREHSAINE &

_ B> = §96.01%. 50U Feil Wil fF ek oE ], LR

ki T I3 R AR (77.348%) «  TATEER AT AE I (13.999%)

s A EEBRTREE(1.377%), X ATRE 5 SRl 2 55 AN )
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Fig.3 Total ion chromatogr:
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Table 6 Analysis of the chemical components of cinnamon oil

%5 AREEE tebdh TN STFEM AAFEE%  AE%
1 1.575 LB TS (Ethyl acetate) C4H;50, 88 0.01 93
2 3.090 3-% Hi(3-Carene) CioHy6 136 0.07 83
3 3.559 a-J& M (a-Pinene) CioHi6 136 0.25 83
4 3.642 ¥ B(Benzaldehyde) C/HsO 106 0.92 97
5 3.885 (-)- #7435 H5 (-)-Limonene CioHs 136 0.12 93
6 4271 At B (Cincole) CoH;0 154 0.52 92
7 5.017 3 ¥ B%(Benzy] alcohol) C,H;O 108 0.23 90
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HER
8 5.535 T K F B5(Benzyl formate) CsHO, 136 0.01 88
9 7.963 A (L-Camphor) CioH10 152 0.38 97
10 8.576 X ¥ B2 ZB5(Ethyl benzoate) CoH;00, 150 0.04 84
11 9.741 R X K A£ B (trans-Cinnamaldehyde) CoHgO 132 60.42 95
2 10733 T % (Eugenol) C1oH1,0, 164 15.04 94
13 11425 BT HrHi(-)-Caryophyllene oxide C1sHx0 220 1.16 88
14 12872 AR =W # = LB%(Diethyl phthalate)  CpoH,40, 222 19.39 96
15 15.728 R ¥ B2 % B (Benzyl benzoate) C.H,,0, 212 0.17 94
it 98.73
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